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1991-7902/Copyrightª 2015, AssociatioAbstract Background/purpose: Enterococcus faecalis plays a major role in continuing refrac-
tory apical periodontitis. The purpose of this study was to investigate the antibacterial effects
of sodium hypochlorite (NaOCl) combined with MTAD [a mixture of tetracycline isomer (doxy-
cycline), an acid (citric acid), and a detergent (Tween 80)] as an endosonic irrigation protocol
against E. faecalis biofilm.
Materials and methods: The dentin blocks were incubated with E. faecalis and randomly as-
signed to five irrigation groups (n Z 10): MTAD, 1.3% NaOCl with MTAD, 1.3% NaOCl, 5.3%
NaOCl, and 5.3% NaOCl with 17% EDTA using Endoactivator oscillation for 30 seconds and 1 min-
ute, respectively; saline without agitation as a control. The bacterial samples were measured
by colony-forming counting. The percentage of viable cells and the thickness of the biofilms
were evaluated using confocal laser scanning microscopy. Specimens were observed via scan-
ning electron microscopy.
Results: When Endoactivator was applied for 30 seconds, viable counting of the 5.3% NaOCl/
17% EDTA group and 1.3% NaOCl/MTAD group were lower than the MTAD group (P < 0.05),
whereas the differences between the former two are not significant. There were no statisti-
cally significant differences in the number of colony-forming counting unit between 30 seconds
and 60 seconds (P > 0.05). The 1.3% NaOCl/MTAD group and the MTAD group appeared to pre-
serve the structure of the dentin surface and cause efficient removal of the smear layer.of Operative Dentistry and Endodontics, Guanghua School and Hospital of Stomatology, Guangdong
ogy, Sun Yat-sen University, Guangzhou 510055, PR China.
du.cn (X. Wei).
to this study.
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438 L. Lei et alConclusion: Endoactivator could improve the synergistic antimicrobial action of 1.3% NaOCl
and MTAD against E. faecalis biofilm and removal of the smear layer with less erosion of the
dentin surface. The combination could be a safe and efficient irrigation regimen.
Copyright ª 2015, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
Enterococcus faecalis is a dominant species frequently
isolated from root canals after endodontic therapy. It oc-
curs in 30e90% of cases, and it plays a major etiological role
in persistent periradicular lesions.1,2 It can survive in
medicated canals by forming biofilms, which increases
antibiotic resistance to 1500 times that of planktonic cells.3
Due to the anatomic complexity of root canals, irrigation is
indispensable in eliminating microorganisms and their by-
products from areas of the canal that are difficult to
clean mechanically. Sodium hypochlorite (NaOCl) is widely
used as an irrigant, but it also has deleterious effects on the
dentin structure.4 Recently, Biopure MTAD (Dentsply, Tulsa
OK, USA), a mixture of tetracycline isomer (doxycycline),
an acid (citric acid), and a detergent (Tween 80), has been
produced for use as an irrigant. It has performed better
than NaOCl in the removal of the smear layer and in
maintaining the mechanical properties of dentin.5 Howev-
er, its major antibacterial component, doxycycline, has a
narrow antibiotic spectrum, which reduces its efficiency.6
Although it has been suggested that adding 1.3% NaOCl
could promote the antimicrobial activity of MTAD,7 there is
still controversy on the antimicrobial efficacy of 1.3%
NaOCl/MTAD versus 5.25% NaOCl/15% EDTA.8
Traditionally, irrigants are delivered using needles,
which have been reported to inadequately remove the
smear layer and incompletely disrupt biofilms from the
canal wall.9,10 Mechanical agitation has been shown to
improve the removal of the smear layer and increase the
antimicrobial effects of irrigants. Endoactivator is a cord-
less, battery-operated, hand-held device that uses sonic
energy for irrigation with noncutting tips (Advanced End-
odontics, Santa Barbara, CA, USA). The tips reduce shear
stress, which prevents changes to the dentin surface
compared to passive ultrasonic irrigation. Moreover, the
sonically driven system is designed to improve the syner-
gistic antimicrobial action of the irrigants against the bio-
film bacteria.11
Currently, available information on the antimicrobial
action of irrigation agents and sonic oscillation mainly
consists of bacterial reduction in the root canal system.12,13
Clear visualization and three-dimensional quantitative
analysis of intact biofilms under mechanical agitation con-
ditions still presents to be a challenge. Considering the
predominance of E. faecalis in root canal infections and the
use of sonic irrigation to synergistically increase the anti-
microbial effects of disinfection agents, the present study
was conducted to investigate the antimicrobial effect of
NaOCl combined with the MTAD against E. faecalis biofilms
with endosonic irrigation. Scanning electron microscopy(SEM) was used to compare the effects of different irriga-
tion solutions on the removal of the smear layer and dentin
structures. A three-dimensional analysis of the thickness
and biomass of viable cells through confocal laser scanning
microscopy (CLSM) was used to visualize its antibacterial
efficacy on biofilms in vitro.
Materials and methods
Bacterial strain and culture conditions
E. faecalis ATCC 29212 was removed from stock cultures at
80C, streaked on the brain-heart infusion (BHI) agar
plates, and incubated aerobically at 37C for 24 hours. A
single colony from the plate was used to inoculate a BHI
liquid culture that incubated aerobically for 16 hours at
37C. Cell growth was monitored by counting the colony-
forming units (CFU) on BHI agar plates. The cultures were
then diluted into fresh BHI medium at a density of
1.5  108 CFUs/mL.
Specimen preparation
Healthy human third molars were extracted from adults
(aged 18e25 years). The molars were split longitudinally,
and the coronal pulp chamber surfaces were sliced
(4 mm  4 mm  0.3 mm) using a hard-tissue cutting ma-
chine (Buehler, Chicago, IL, USA). The dentin blocks were
cleaned ultrasonically in distilled water for 10 minutes,14
stored in a 10mM phosphate-buffered saline (PBS, pH 7.0)
at 4C, and used within 1 week. Each participant provided
informed consent.
Effect of MTAD and NaOCl on dentin surface
morphology
Dentin slices were placed in 24-well polystyrene cell culture
plates with the pulpal surface facing upwards. They were
randomly divided into six groups: saline, MTAD, 1.3% NaOCl
with MTAD (NaOCl-treated dentin was washed with ascorbic
acid before application of MTAD), 1.3% NaOCl, 5.3% NaOCl,
and 5.3% NaOCl with 17% EDTA. Dentin slices were immersed
ultrasonically in irrigants for 10 minutes and then washed
twice with PBS. For the 1.3% NaOCl with MTAD group, after
being treated with 1.3% NaOCl for 5minutes, the dentin slice
was washed with 1 mL of 10% ascorbic acid before applica-
tion of MTAD for 5 minutes. For the 5.3% NaOCl with 17%
EDTA group, final irrigation was completed using 17% EDTA
for 5 minutes, followed by 5.3% NaOCl for 5 minutes. Three
randomly selected specimens from each group were fixed
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rations included serial dehydration through ethanol rinses
(30%, 50%, 70%, 95%, and 100%), critical point drying with
liquid CO2, and coating with gold. Scanning electron micro-
graphs of three randomly selected areas from each sample
were observed with a scanning electron microscope (Inspect
F50, FEI, Hillsboro, Oregon, USA).Antimicrobial effects of MTAD and NaOCl combined
with endosonic irrigation against biofilm
Dentin blocks were placed in 24-well polystyrene cell cul-
ture plates with the pulpal surface facing upwards. Then
1 mL of the initial E. faecalis suspension and 1 mL of fresh
BHI medium were placed on the specimens. After anaerobic
inoculation for 24 hours at 37C, specimens were rinsed
twice with PBS to remove the supernatant. The dentin
blocks were randomly divided into five groups: MTAD, 1.3%
NaOCl combined with MTAD, 1.3% NaOCl, 5.3% NaOCl, and
5.3% NaOCl combined with 17% EDTA. A saline solution
without mechanical agitation was used as the control. For
mechanical agitation, the tips (size 35/04) of the Endoac-
tivator were placed 5 mm from the surface of the dentin.
Sonic energy was set to medium (10,000 rpm) and the tips
were kept at the same level throughout endosonic irriga-
tion. Before mechanical agitation, the dentin blocks were
immersed ultrasonically in irrigants for 10 minutes. Then
the samples were divided into two groups. The first group
was placed in the Endoactivator and oscillated for 30 sec-
onds and the second group for 60 seconds. For the 1.3%
NaOCl with MTAD group, after being treated with 1.3%
NaOCl for 15 seconds or 30 seconds, the dentin slice was
washed with 1 mL of 10% ascorbic acid before application of
MTAD for 15 seconds or 30 seconds, respectively. For the
5.3% NaOCl with 17% EDTA group, final irrigation was
completed using 17% EDTA for 15 seconds or 30 seconds
followed by 5.3% NaOCl for 15 seconds or 30 seconds,
respectively. At each interval, 10 dentin blocks from each
group were washed twice with PBS. The blocks were kept in
1 mL of cysteine peptone water for 1 minute, and biofilm
samples were harvested by scraping.13 The samples were
diluted serially with PBS and plated for CFU counting.
For CLSM observation, another 10 specimens from each
group were washed with PBS and stained with 50 mL of
LIVE/DEAD BacLight bacterial cell stains (Invitrogen,
Carlsbad, CA, USA) for 15 minutes in the dark at room
temperature. Live and dead cells were identified using
staining with SYTO9 (green fluorescence) and propidium
iodide (red fluorescence), respectively. Microscopic obser-
vation was conducted with a Laser Scanning confocal mi-
croscope (Type TSP SP2; Leica, Solms, Germany) using Ar
(514/488 nm) and HeeNe (543 nm) with the 63  oil
objective. Confocal illumination was conducted using an
argon laser (488-nm laser excitation) fitted with a long-pass
515/30 filter for green fluorescence and a 605/75 filter for
red fluorescence. The spatial distribution of live/total
bacteria in the biofilms was determined, and a three-
dimensional analysis was performed using Imaris 7.0 (Bit-
plane, Zurich, Switzerland) software. The procedure was
repeated three times for three randomly selected views of
each specimen.Statistical analysis
Statistical analysis was performed with SPSS version 16.0
(SPSS Inc., Chicago, IL, USA). The CFUs/mL were enumer-
ated and pretreated with a logarithmic transformation. A
test of homogeneity of variances demonstrated that the
data were normally distributed. When interactions be-
tween different irrigation solutions and irrigation times
were detected, the differences were assessed using two-
way analysis of variance and Tukey’s test. Statistical sig-
nificance was set at P Z 0.05.Results
Morphology of dentin surface after treatment with
NaOCl and MTAD
Representative microphotographs of dentin surface mor-
phologies showed the surfaces of specimens in the saline
group covered by debris, but no open dentinal tubules
were visible (Fig. 1A). The dentin blocks in the MTAD
(Fig. 1B) group and 1.3% NaOCl/MTAD (Fig. 1C) group
were devoid of smear layer remnants and debris, and
most of the tubules were open. A layer of smooth inter-
tubular dentin was observed, indicating minimal surface
erosion. In the 1.3% NaOCl group, the dentinal tubule
orifices were partially visible and covered by a layer of
debris (Fig. 1D). For the 5.3% NaOCl/17% EDTA group
(Fig. 1E), the smear layer and debris were removed while
erosion of the intertubular and peritubular surface dentin
was observed. The dentin slices in the 5.3% NaOCl group
(Fig. 1F) were free of debris and the collagen had been
dissolved.
Susceptibility of E. faecalis biofilm to endosonic
irrigation with NaOCl and MTAD
As shown in Fig. 2, after irrigation for 30 seconds, the
decrease in the CFU counts in the MTAD group, 1.3% NaOCl
combined with MTAD group, 1.3% NaOCl group, 5.3% NaOCl
group, and 5.3% NaOCl combined with 17% EDTA group were
0.55 log CFU/ml, 1.22 log CFU/ml, 0.94 log CFU/ml, 2.02
log CFU/ml, and 1.22 log CFU/ml, respectively. The 5.3%
NaOCl group showed the fewest viable cells. There was no
significant difference between the 1.3% NaOCl/MTAD group
and 5.3% NaOCl/17% EDTA group (P > 0.05, n Z 10). The
MTAD group showed the second highest number of viable
cells, after the saline group (P < 0.05, n Z 10). There was
no significant decrease in bacterial viability between the
group subjected to 30 seconds of oscillation and that sub-
jected to 60 seconds (Fig. 2A).
CLSM observation showed communities of inter-
connected bacteria with complex heterogeneous three-
dimensional structures and mixtures of single cells or
abundant clusters of cells (Figs. 3 and 4). CLSM results
revealed 5.3% NaOCl to be effective for killing E. faecalis
after 30 seconds of endosonic irrigation. The mean relative
biovolumes for green (live) populations were 75% in the
saline group and 47.2% in the 5.3% NaOCl group (Fig. 2B).
There was a higher ratio of living cells in the MTAD group
Figure 1 Influence of five irrigants on the morphology of the dentin surface assessed by scanning electron microscopy. (A) The
dentin slices in the saline group showed nearly complete coverage of the dentinal tubule orifices by debris; the dentin blocks in the
(B) MTAD and (C) 1.3% NaOCl/MTAD groups were devoid of debris and showed complete removal of the smear plugs within the
dentinal tubules. A layer of smooth intertubular dentin was observed; (D) The 1.3% NaOCl specimens retained debris remnants on
the dentin surfaces, and the dentin tubules were partially visible; (E) for the 5.3% NaOCl/17% EDTA group, the smear layer and
debris were removed while erosion of the intertubular and peritubular surface dentine was observed; and (F) the surface of the
dentin in the 5.3% NaOCl group was free of debris, but it was destroyed when the collagen was dissolved. NaOCl Z sodium
hypochlorite.
Figure 2 Antimicrobial effect of endosonic irrigation with five irrigants on Enterococcus faecalis biofilms. (A) The number of CFUs
in E. faecalis biofilms after endosonic irrigation. [x s; n Z 10, l g (CFU/mL)]. The average CFU counts of specimens in the 5.3%
NaOCl group (2.01  0.31) was the lowest in all experimental groups at the 30-seconds interval (P < 0.05, nZ 10). The values in the
MTAD group (3.42  0.25) were higher than those in the 1.3% NaOCl (3.05  0.28) and 1.3% NaOCl/MTAD (2.78  0.31) groups
(P < 0.05, n Z 10). There were no significant differences between the 5.3% NaOCl/17% EDTA and 1.3% NaOCl/MTAD groups
(P > 0.05, nZ 10). (B) The percentage (%) of viable cells of E. faecalis biofilms after endosonic irrigation (x s, nZ 10). The CLSM
assay indicated the proportion of vital cells in the 5.3% NaOCl group (47.2  7.2%) to be significantly lower than in other groups
after 30 seconds of irrigation (P < 0.05, n Z 10). The percentage of viable cells in the MTAD group (68.0  7.9%) was higher than
those in the 1.3% NaOCl (63.0  7.5%) and 1.3% NaOCl/MTAD (54.0  7.6%) groups (P < 0.05, nZ 10). The proportion of cells killed
increased significantly over time during endosonic oscillation (30 seconds and 60 seconds). (C) Average thickness (mm) of E. faecalis
biofilms after endosonic irrigation (x s, nZ 10). CLSM images also demonstrated that the average thickness of the biofilms in all
groups decreased with time. (P < 0.05, nZ 10). * Significant difference between different irrigation intervals (P < 0.05, nZ 10);
different superscript letters indicate significant differences between various groups at different irrigation intervals (P < 0.05,
n Z 10). CFU Z colony forming unit; CLSM Z confocal laser scanning microscopy.
440 L. Lei et al(68.0%) than in the 1.3% NaOCl/MTAD group (54%) or 5.3%
NaOCl/17% EDTA group (55%; P < 0.05, n Z 10, Fig. 2B).
The application of 60 seconds of endosonic irrigation led to
a significant reduction in the number of living cells. CLSMimages also showed significantly greater decreases in the
average thickness of biofilms after 60 seconds of endosonic
irrigation compared to 30 seconds (P < 0.05, n Z 10,
Figs. 2C and 3).
Figure 3 CLSM images of Enterococcus faecalis biofilms after endosonic irrigation with individual disinfection agents. E. faecalis
biofilms were treated with (A) saline for 30 seconds; (B) MTAD for 30 seconds; (C) 1.3% NaOCl/MTAD for 30 seconds; (D) 1.3% NaOCl
for 30 seconds; (E) 5.3% NaOCl/17% EDTA for 30 seconds; (F) 5.3% NaOCl for 30 seconds; (G) saline for 60 seconds; (H) MTAD for 60
seconds; (I) 1.3% NaOCl/MTAD for 60 seconds; (J) 1.3% NaOCl for 60 seconds; (K) 5.3% NaOCl/17% EDTA for 60 seconds; and (L) 5.3%
NaOCl for 60 seconds. Green Z viable bacteria (SYTO 9); red Z dead bacteria (PI). Scale bars Z 50 mm.
Figure 4 Three-dimensional reconstructions of CLSM images of Enterococcus faecalis biofilms after endosonic irrigation with
individual disinfection agents. E. faecalis biofilms were treated with (A) saline for 30 seconds; (B) MTAD for 30 seconds; (C) 1.3%
NaOCl/MTAD for 30 seconds; (D) 1.3% NaOCl for 30 seconds; (E) 5.3% NaOCl/17% EDTA for 30 seconds; (F) 5.3% NaOCl for 30 seconds;
(G) saline for 60 seconds; (H) MTAD for 60 seconds; (I) 1.3% NaOCl/MTAD for 60 seconds; (J) 1.3% NaOCl for 60 seconds; (K) 5.3%
NaOCl/17% EDTA for 60 seconds; and (L) 5.3% NaOCl for 60 seconds. Green Z viable bacteria (SYTO 9); red Z dead bacteria (PI).
Scale bars Z 100 mm.
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In this study, 5.3% NaOCl showed excellent antibacterial
activity against E. faecalis biofilms, similar to a previous
study by Prabhakar et al.14 The action of NaOCl is not
limited to necrotic tissue; it also damages dentin structures
by reducing the elastic modulus and flexural strength.15,16
In our study, the structure of dentin in the 5.3% NaOCl
group was destroyed by dissolution of the collagen.
Although final irrigation with 17% EDTA and 5.3% NaOCl was
recommended in the clinic, this association was reported to
less effectively remove the smear layer in the apical third
of the canals.17,18 In addition, the effect of this combina-
tion resulted in more erosion of the dentin at the coronal
level,19,20 which was consistent with our SEM results. To
avoid adverse changes in the physical properties of dentin,
1.3% NaOCl was used in this study. The specimens in this
group showed no severe structural destruction, but the
dentin debris was incompletely removed, which may pro-
tect bacteria from the disinfectant solution.21 It is neces-
sary to develop a regimen that allows antibacterial agents
to remove the smear layer and penetrate the tubules. Thenovel irrigant MTAD has been shown to eliminate smear
layers effectively and cause minimal erosive changes to the
dentin surface.22 Based on the results of the SEM data in
this study, 1.3% NaOCl and MTAD acted synergistically to
effectively remove the smear layer and debris, while
causing less erosion of the dentin surface. From this point
of view, this combination was superior to the combined use
of 5.3% NaOCl and 17% EDTA in cleaning the dentin and
preserving the structure of dentin surface.
The antibacterial activity of MTAD has been questioned,
and E. faecalis has been found to be strongly resistant to
MTAD.6 The current results showed that MTAD is less
effective than 5.3% NaOCl in eradicating E. faecalis bio-
films. Doxycycline, the crucial antibacterial agent in MTAD,
may be bacteriostatic rather than bactericidal.23 Drug
combinations are increasingly important in combating the
spread of antibiotic resistance in pathogens.24 In this study,
the two antimicrobial agents acted synergistically. MTAD
removed the smear layer and debris, which may have
facilitated the penetration of 1.3% NaOCl into the biofilm.
There were significantly fewer viable cells in the 1.3%
NaOCl/MTAD group than in the MTAD group. Meanwhile,
442 L. Lei et althere was no significant difference in the reduction of
viable counting between the 1.3% NaOCl/MTAD group and
5.3% NaOCl/17% EDTA group, suggesting that the antibac-
terial effect of 1.3% NaOCl/MTAD was similar to that of 5.3%
NaOCl/17% EDTA. The synergistic action of 1.3% NaOCl and
MTAD may compensate for the weaknesses of each irrigant.
Antimicrobial agents alone cannot completely eliminate
microorganisms in root canal systems.25,26 There is less fluid
flow in the basal layer of biofilms, and long diffusional
distances produce areas with different solute concentra-
tions.27 Mechanical agitation compensates for the limited
ability of the antimicrobial agents to penetrate biofilms.
The flow along the Endoactivator tip is turbulent. The end
of the tip has a higher amplitude and more tip movement
than the upper portion. When the Endoactivator tip was
placed 5 mm from the top of the biofilms, the acoustic
stream was connected to the rapid movement of the irri-
gating agents in a vortex around the biofilms, which facil-
itated debridement.19 There was also a positive
relationship between dentin debris removal and tissue
dissolution over oscillation volume, frequency, and dura-
tion of contact.28 The noncutting polymer tip of the
Endoactivator prevents excess canal enlargement and
transportation. It has been found that even 60 seconds of
sonic irrigation could prevent changes to the minerals on
the surface of the root dentin and minimize intertubular
erosion.29,30
Interestingly, there was no statistically significant dif-
ference between groups subjected to 30 seconds and
those subjected to 60 seconds of endosonic activation.
This result was not consistent with the results of a pre-
vious study in which the antimicrobial efficiency of irri-
gation increased over time because of larger agitation
volumes for tissue dissolution.31 The environment within
root canals may account for this difference. The contact
of the activated tip to the canal walls might restrict its
oscillation. Mechanical oscillation volume did not change
over time in the canals, and this rendered debridement
inefficient.32 The thickness of E. faecalis biofilms
decreased significantly over time. One possible explana-
tion is that the sonic vibration interacts with the cavity
effect, reducing biofilm thickness via turbulence from the
oscillatory flow.28 Another was that the outer layer of E.
faecalis biofilms may have a superior chemical effect
because of direct contact with the antimicrobial agents,
while the bacterial residue in the median and basal layers
might encourage survival. This phenomenon might have
caused the slight difference between the 30 seconds
group and 60 seconds group in the number of CFUs and the
significant difference in the thickness of the biofilms.
There were some limitations to this study as the sample
size was small (N Z 10). Further studies are required to
evaluate the antibacterial effects of sonic agitation with
different irrigating solutions in the canal.
The present in vitro study demonstrated that the addi-
tion of 1.3% NaOCl enhanced the antibacterial action of
MTAD against E. faecalis. Additionally, Endoactivator
improved the synergistic action of 1.3% NaOCl and MTAD in
the degradation of E. faecalis biofilms and caused less
erosion of the dentin surface while effectively removing the
smear layer and debris. This method proved to be a safe
and efficient irrigation regimen.Conflicts of interest
The authors have no conflicts of interest relevant to this
article.
Funding/support
This research was supported by the Fundamental Research
Funds for The Central Universities (12ykpy67), National
Natural Science Foundation of China (81200778), and
Department of Science and Technology of Guangdong
Province (2013B021800060).
References
1. Rocas IN, Jung IY, Lee CY, Siqueira Jr JF. Polymerase chain
reaction identification of microorganisms in previously root-
filled teeth in a South Korean population. J Endod 2004;30:
504e8.
2. Pinheiro ET, Gomes BP, Ferraz CC, Sousa EL, Teixeira FB,
Souza-Filho FJ. Microorganisms from canals of root-filled teeth
with periapical lesions. Int Endod J 2003;36:1e11.
3. Mah TF, O’Toole GA. Mechanisms of biofilm resistance to
antimicrobial agents. Trends Microbiol 2001;9:34e9.
4. Clarkson RM, Moule AJ. Sodium hypochlorite and its use as an
endodontic irrigant. Aust Dent J 1998;43:250e6.
5. Shabahang S, Pouresmail M, Torabinejad M. In vitro antimi-
crobial efficacy of MTAD and sodium hypochlorite. J Endod
2003;29:450e2.
6. Dunavant TR, Regan JD, Glickman GN, Solomon ES,
Honeyman AL. Comparative evaluation of endodontic irrigants
against Enterococcus faecalis biofilms. J Endod 2006;32:
527e31.
7. Shabahang S, Torabinejad M. Effect of MTAD on Enterococcus
faecalis-contaminated root canals of extracted human teeth. J
Endod 2003;29:576e9.
8. Johal S, Baumgartner JC, Marshall JG. Comparison of the
antimicrobial efficacy of 1.3% NaOCl/BioPure MTAD to 5.25%
NaOCl/15% EDTA for root canal irrigation. J Endod 2007;33:
48e51.
9. Kuah HG, Lui JN, Tseng PS, Chen NN. The effect of EDTA with
and without ultrasonics on removal of the smear layer. J Endod
2009;35:393e6.
10. Spoleti P, Siragusa M, Spoleti MJ. Bacteriological evaluation of
passive ultrasonic activation. J Endod 2003;29:12e4.
11. Shen Y, Stojicic S, Qian W, Olsen I, Haapasalo M. The syner-
gistic antimicrobial effect by mechanical agitation and two
chlorhexidine preparations on biofilm bacteria. J Endod 2010;
36:100e4.
12. Lotfi M, Vosoughhosseini S, Saghiri MA, Zand V, Ranjkesh B,
Ghasemi N. Effect of MTAD as a final rinse on removal of smear
layer in ten-minute preparation time. J Endod 2012;38:
1391e4.
13. Deng DM, Buijs MJ, Ten CJ. The effects of substratum on the pH
response of Streptococcus mutans biofilms and on the sus-
ceptibility to 0.2% chlorhexidine. Eur J Oral Sci 2004;112:42e7.
14. Prabhakar J, Senthilkumar M, Priya MS, Mahalakshmi K,
Sehgal PK, Sukumaran VG. Evaluation of antimicrobial efficacy
of herbal alternatives (Triphala and green tea polyphenols),
MTAD, and 5% sodium hypochlorite against Enterococcus fae-
calis biofilm formed on tooth substrate: an in vitro study. J
Endod 2010;36:83e6.
15. Sim TP, Knowles JC, Ng YL, Shelton J, Gulabivala K. Effect of
sodium hypochlorite on mechanical properties of dentine and
tooth surface strain. Int Endod J 2001;34:120e32.
MTAD combined with endosonic irrigation 44316. Grigoratos D, Knowles J, Ng YL, Gulabivala K. Effect of
exposing dentine to sodium hypochlorite and calcium hydrox-
ide on its flexural strength and elastic modulus. Int Endod J
2001;34:113e9.
17. Mozayeni MA, Javaheri GH, Poorroosta P, Ashari MA,
Javaheri HH. Effect of 17% EDTA and MTAD on intracanal smear
layer removal: a scanning electron microscopic study. Aust
Endod J 2009;35:13e7.
18. Dadresanfar B, Khalilak Z, Delvarani A, Mehrvarzfar P,
Vatanpour M, Pourassadollah M. Effect of ultrasonication with
EDTA or MTAD on smear layer, debris and erosion scores. J Oral
Sci 2011;53:31e6.
19. Torabinejad M, Handysides R, Khademi AA, Bakland LK. Clinical
implications of the smear layer in endodontics: a review. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 2002;94:658e66.
20. Torabinejad M, Cho Y, Khademi AA, Bakland LK, Shabahang S.
The effect of various concentrations of sodium hypochlorite on
the ability of MTAD to remove the smear layer. J Endod 2003;
29:233e9.
21. Saghiri MA, Delvarani A, Mehrvarzfar P, et al. A study of the
relation between erosion and microhardness of root canal
dentin. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2009;108:e29e34.
22. Lotfi M, Moghaddam N, Vosoughhosseini S, Zand V, Saghiri MA.
Effect of duration of irrigation with sodium hypochlorite in
clinical protocol of MTAD on removal of smear layer and
creating dentinal erosion. J Dent Res Dent Clin Dent Prospects
2012;6:79e84.
23. Tong Z, Zhou L, Li J, Jiang W, Ma L, Ni L. In vitro evaluation of
the antibacterial activities of MTAD in combination with nisin
against Enterococcus faecalis. J Endod 2011;37:1116e20.24. Chait R, Craney A, Kishony R. Antibiotic interactions that select
against resistance. Nature 2007;446:668e71.
25. Kishen A, George S, Kumar R. Enterococcus faecalis-mediated
biomineralized biofilm formation on root canal dentine
in vitro. J Biomed Mater Res A 2006;77:406e15.
26. Nyborg WL. Biological effects of ultrasound: development of
safety guidelines. Part I: personal histories. Ultrasound Med
Biol 2000;26:911e64.
27. van der Sluis LW, Versluis M, Wu MK, Wesselink PR. Passive
ultrasonic irrigation of the root canal: a review of the litera-
ture. Int Endod J 2007;40:415e26.
28. Saito K, Webb TD, Imamura GM, Goodell GG. Effect of short-
ened irrigation times with 17% ethylene diamine tetra-acetic
acid on smear layer removal after rotary canal instrumenta-
tion. J Endod 2008;34:1011e4.
29. Capar ID, Aydinbelge HA. Surface change of root canal dentin
after the use of irrigation activation protocols: electron mi-
croscopy and an energy-dispersive X-ray microanalysis. Microsc
Res Tech 2013;76:893e6.
30. Sabins RA, Johnson JD, Hellstein JW. A comparison of the
cleaning efficacy of short-term sonic and ultrasonic passive
irrigation after hand instrumentation in molar root canals. J
Endod 2003;29:674e8.
31. Jiang LM, Verhaagen B, Versluis M, van der Sluis LW. Evaluation
of a sonic device designed to activate irrigant in the root canal.
J Endod 2010;36:143e6.
32. Del CA, Bramante CM, Duarte MA, et al. Biofilm dissolution and
cleaning ability of different irrigant solutions on intraorally
infected dentin. J Endod 2011;37:1134e8.
